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In October 1957, a 250-pound capacity, 100-kilowati induction fur-
nace was installed in Building 320-M for use in recovery of Li-Al
scrap, About 150 tons of such serap had accumulated since startup
of the Li-Al process. Additional solid scrap is belng continucusly
generated at an average rate of about 10% of all metal charged.
Scrap consists of ingol croppings, extrusion butts, rejected bil-
lets, and bar stock., Most of this scrap could not be recovered pre-~
viously since the majority of scrap shapes would not fit into the
charging mechanism of the vacuum induction furnace.

This report describes results obtained in evalustion of processes
for recovery of scrap by induction melting in air,

Period Covered: October 1957 to March 1959,

Summary

Three vroduction processes for recovering scrap by air-melting were
evaluaied. These processes and the resulits of the evaluations are
listed below.

1. Slugs Made from Alr-Melt Scrap. The air-melt alloy was cast in-
to 100-pound ingots, extruded, and canned according e normal
procedures.

Direct use of this process was not adopted although it was the
most economical process. A small reduction in the tritium yield
of irradiated slugs, resuliing {rom possible contaminents in air-
melt alloy, might not be detected by the Separations Department,
Such a reduction in yield would negate the 300-Area savings.,

2. Bxtrusion and Vacuum Remelting. Air-melt alloy was cast Into
100~pound 1ngots, extruded into bar, and cut into a size sulta-
ble for charging into the vacuum furnace. This process was not
edopted because it was more costly than pigging (see next para-

graph). :

3. Pigging. Pigs weighing sbout 3 pounds (the seme size as alumi-
num pige used in the vacuum furneces) were cast and charged into
virgin Li-Al heats in the vacuum furnace. Plgging was adopted
as a production process for recovery of Li-Al alloy scrap, Of
75,000 pounde of metal charged into the air-melt furnace, 92%
was recovered in the form of pigs. Contaminant level of Li-Al
alloy pigs, with few exceptions, was found to be within the same
range as vacuum-cast alloy.
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Air-melt pigs were charged into the vacuum furnace to produce
vacuum-melt heets containing up to 100% recovered scrap. Ana-
lytical data have heen obtained for heats containing 10% and
20% scrap, Due to changes in production scheduling, billets
mede from 100% scrap have not been extruded. The processing
characteristics and purity of this material will be reported
at a later date.

Casting and Processing

The three methods evaluated for recovery of Li-Al scrap sre de-
scribed in the following paragraphs. ©Specific details of all work
performed on the two unsuccessful processes are not included.

All evaluations were performed using the 100 kw Induction furnace

installed for production recovery of scrap alloy. This furnace 1is
shown in figure 1. Details of the furnace installation are shown

in figures 2 and 3.

Slugs Made from Air-Melted Scrap

Sixty 100-pound ingots of air-meited Li-Al were cast and extruded
into bar stock. OFf 8000 pounds of bar extruded, 20% was fabricated
into finished slugs (1088 slugs) according to standard procedures.

The major cause of slug rejection was hydrogen content in excess of
the 6.5 vol % specification. Hydrogen content of slugs aversged 7
vol % compared with 2.5 vol % for vacuum-nelted alloy.

Argcen bubbling of the melt was tested as a means to reduce hydrogen
content of the molten alloy. As is shown below, bubbling had no
effect on hydrogen content.

No. of Avg Hz Content
Type Heat Billets of Billet, vol %
Bubbled 12 7.25
Unbubbled 12 £.30

Chlorine bubbling and chemical fluxes were not tested due to safety
considerations and purity requirements of L1-Al alloy.

Further development of this recovery process was discontinued, The
possible 300-Area savings were considered small compared to the cost
of small undetectable decreases in 200-Area tritium yields which
could occur from possible contaminants in the alloy.

Cans were removed from slugs produced during this development. The
cores and the unmachined bars vere remelted,




Extrusion and Vacuum Remelting

Casting ingots, extruding, and cutting the extruded bar fo a size
nomically undesirsble, The savings oblalnable were about equivalent
to the recovery costs. '

Pigging

Casting alloy inte 3-pound pigs suitable for recharging into the
vacuum furnace was found to be the most acceptable recovery method.
In this process, clean, dry,Li-Al scrap is charged into the cold fur-
nace crucible. Furnace power is then applied. As the scrap starts
t0 melt, additional scrap is added to provide a furnace charge of a-
bout 250 pounds of alloy.

After melting, the alloy is induction stirrved, skimmed of dross, and
lzdled into cast-iron pigging molds. Each mold has a capacity of
twelve 3-pound pigs. Seven molds are used,

Furnace power settings for a normel melt cycle (star
crucible end charge at room temperature) are shown below:

Furnace Time at Power,

Oeamitoarnms DaAarres Trvy i miitFac

UC\.LU.cLM-C EIWwW L ) [=N . WLLilld iSO
Startup 10 20
20 15
30 15
40 30
50 30
Begin Melting _ 80 20
Complete Melting 0 5
Before Pouring eie] 5

Recovery yilelds are about 90% for remelting bars end cores, and 85%
for remelting croppings and extrusion butts. Loss is primarily from
dross,

Dross Reduction

Argon blanketing of the melt surface was evaluated as a means to re-
duce drossing. In initial tests, argon was first circulated through

e loop of 4tubing around the top of the furnace crucible. The argon
then escaped from the inside .of the loop through small jets which
directed the gas over the melt surface. This technique was uwnsuccess-
ful, Convection currents from the heat of the melt prevented the zr.-
gon blanket from providing protéction. By covering the entire top



of the furnace with an asbestos hocd, the argon blanket was held in
piace, However, no significant reduction in drossing was achieved.
The hcod also prevented normal access to the melt necessary for skim-
ming and ladling operations.

Since neither of the above techniques was satisfactory, no further
work was done. No additional methcds for argon blanketing are under
consideration at this time.

impurity Content

Impurities, with the exception of iron, manganese, lead, and silicon,
were not present in significantly higher guentities in cast pigs than
in normal slloy. The increase in iron, manganese, and silicon con-
tent is attributed to pickup from the clay-graphite crucibles. The
increase in lead content probably resulted from the recycle of alloy
produced during the Mark VI-A fuel-development program in Building
220-M. At that time, lead oil was used as an extrusien lubricant

for fuel-tube fabrication. OSome of this lead o0il apparently remained
in the extrusion press and caused slight contamination of the Li-AL
alloy. Extrusion of these fuel tubes in Building 320-M was discon-
tinuved in late 1957,

An estimated 15 to 20 tons of scrap with slight lead contamination
is wmixed in with 15C tons of scrap in the stockpile. The average
lead content of the entire stockplile probably does not exceed 6 to

7 ppm.

When remelt pigs were added to virgin Li-AY heats, the concentrations
of most conteminants present were unchanged. Exceptions were again
iren, mangenese, lead, and silicon, Anelyticel data are surmarized
in the following table. Data for commercial 1100 sluminum are in-
cluded for comparison.

—
-
Bp. of — Tapurity« npe r Hydrogen,
Hents A cr 1 Te Ha { i} S vol %
-
Hornal Vacune Furnace Alloy 57 AYE < 11 5 15C 2.5 T =] 4Q 2.5
Rog 0 to 1) 0 o 20 0 to &0 0 tp 600 9 w 1o O o 80| <0 o 200G 0to 8
Alr-Melt Fign 11 AVE 1 1z 28 253 5 [} 100
RPR U o} T to al] 10 40 EG ). 50 0 SDOF 1,5 to L0 O o 100 <40 to 400
Hormal Alley Contajaing!
19 vt % Scrop 19 hvig 1.3 218 ar 17b 4.2 < 207 3.7
fog CWwS 15 o %0 80 toc 40| V9 te 8 D15 AT to 00 ] 0.3 o 5.5
&t vr § Bemy 30 avg 1.3 <10 32 128 5.2 14 135 1,2
Rrg G t0 5 - 15 o 110 | 40 10 600 1 0 10 <4 to 80| <4 ta 600 | 0.5 5.5
1106 Aluminae {25) Norsal - 120 1000 4008 op - 1000

PExirgn 500 500 E000 10,000 sho 500 10,000
{¥e+5a) {Fe-58)

v No difTerenst wym detegied 1k the impurity levels of 3, Bs, Be, 3L, £a, Co, Mg, Mo, Nb, N1, sh, 3a, T4, Tn, 24, Zv. J




Experimental Work

Results of tests performed in selection of crucible and mold materi-
els are described in the following paragraphs. This work was done
concurrently with the eveluation of recovery methods.

Crucible Evaluotion

Materiasls. Crucibles of high (Dixon C-7) and low (Dixon XU841D) con-
ductivity clay-graphite were evaluated in the air-melt furnace. Low-
conductivity material was the most acceptable from an Induection heat-
ing standpoint as the furnace was designed for this type crucible.
However, the low-conductivity material was less impervious to pene-
tration of slloy and cracked severely by the ldth to the 20th heat.
Cracking way zlsc have occurred becasuse the walls of the low-conduc-
tivity crucibles drew less power and did not get ez hot. More dross
settled on the walls causing strain due to differential expaneion of
the clay-graphite and the dross.

High-conductivity crucibles were undamaged after equivalent exposures.
Improved performance resulted because the high-conductivity material
was more impervious to moliten alloy snd because the crucible walls
became hotter, preventing dross accumilatlon. However, these cruci-
bles introduced the following problems:

1. Lower-power epplication, resulting in extended melt times, wvas
required to preveni averheating of the crucibles.

2. Because this material improved crucible-to-coll coupling, the
minimum power svailable from the autoiransformer was increased.
This change prevented fine control of charge temperature.

3. . The maximum power that could be applied was lower because insuf-
Ticlent capacitors were avallable for power-factor correction.

Power-factor correction was cbtained by instelling more capacitors.
Finer temperature control was obtained by making available a higher
turn-ratic on the sutotransformer.

Characteristics of high and low conductivity crucibles are cowpared
in the following tables. Performance characteristics are based on
continuous use of the sir-melt furnace when crucibles do not ool
significantly between heats. When crucibles must be heated from
room tempersture, longer melting times at -lower power ‘are necessary
t0 prevent thermal damage to the crucibles.



Physical Constants of Crucibles

Conductivity Power Draw
Conductivity Resistivity, as by Crucible,
and Material ohms /ce 4 of Grepnite %
High (C-7) 5 to 10 B0 to 85 80
Low (XUB41D) 15 to 20 30 to 40 45

Performance Characteristics of Crucibles

Conduectivity Power, kv Melt Time, Crucible Life,
and Material At Startup Maximum min no. of heats
High (C-7) 25 75 30 20 to 24
Low (XU841D) 55 100 70 14 to 20

Design. Crucibles with bottom-pour spouts {see figure 4) were evalu-
ated as a means for reducing dross and inclusions in ingots. No im-
provements were noted. As the spout frequently became plugged with
dross or cold metal, tests were dliscontinued,

The standard pot-type crucible was the most satisfactory crucible
tested,

Mold Evaluation

Materials, The only molds tested for ingot casting of air-melt alloy
T T A isfa ir
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as in the vacuum furnaces,

Cast-iron pigging molds were satisfactory for casting 3-pound Li-Al
pigs. The ugse of mold washes was found unnecessary. Molds were
sandblasted to remove rust pefore they were placed in service, Fre-
heating of the molds before pouring was naot required,
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Serap Recovery Furnace
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